Objectives: Yeasts may become potential human and animal pathogens, particularly for individuals with a depressed immune system. Their presence in the environment, especially in soil, may favour their spread into human ontocenoses. Materials and Methods: Eighty-four soil samples obtained from 21 children's recreational sites in Łódź in autumn 2010 and spring 2011 were evaluated. The yeasts were isolated by classical microbiological methods and identified on the basis of morphological and biochemical features. Results: The fungi were found in 73.8% and in 69.0% of the examined samples collected in autumn and spring, respectively. Among 97 isolates of yeasts, the species potentially pathogenic to humans and animals were Candida colliculosa, C.
INTRODUCTION
Soil, being a very heterogeneous habitat, contains a great diversity of microorganisms. The fungi found in the soil play an important role in the ecosystem by forming and maintaining soil structure [1] . Yeasts classified as Ascomycota or Basidiomycota may be still present in soil or may be introduced into it from the organisms living inside or over the soil. The species composition of different soil-localities is highly heterogeneous and the quantities of fungi range from hundreds to millions of cells per gram of soil. Up to 130 species of yeast fungi have been found in soils worldwide [2, 3] . The diversity patterns and abundance of yeast fungi depend on abiotic and biotic factors present in the soil, such as organic and inorganic chemical compounds and moisture, as well as other organisms living above and in the soil. Nevertheless, the relationship parks), covering an area of 5-40 ha each. All parks were unfenced, with free access. All examined children's playgrounds were located close to developed (built-up) areas, such as housing estates, residential districts and family houses. Four of the seven playgrounds were not protected from the approach of domestic and stray animals, but the remaining three were enclosed by low fences not exceeding 1 m in height with a 1 m-wide gate. All examined sandpits were situated within school or kindergarten areas which were securely fenced; there was no access for either domestic or stray animals. Five of the nine examined school sports fields were partially fenced, usually by only one fence located at the side facing the street; while the remaining four fields were unfenced. According to our observations, domestic dogs had ample access to all examined sports field areas, as those sites were favoured by dog walkers. Of note, also birds, especially pigeons, were also present on all examined sites.
Collection of soil samples
A total of 84 samples were collected during autumn 2010 (October-November) and spring 2011 (April-May) from the same 21 localities. All of the thirty-two soil samples taken from areas around school sports fields were obtained from a 10 m 2 territory at 9 various points (9 subsamples), while for the sandpits and playgrounds, each of the 52 sand samples were collected from an area of about 5 m 2 at 6 various points (6 subsamples). The subsamples were combined into one composite sample of about 300 g. Samples of soil or sand were collected both from the 0-3 cm superficial layer at the surface and at a depth of about 15 cm from each examined site. Each soil and sand sample was placed separately into a sterile plastic bag, labelled by number and description and stored at 4°C.
Isolation and identification of the fungi
From each soil or sand sample, two subsamples of 1 g and 0.5 g were suspended, each in 10 cm 3 of sterile water, between fungi development and the presence and concentration of the various environmental factors quoted above still requires investigation [2, [4] [5] [6] . Fungi may become potential human and animal pathogens, especially for immunocompromised individuals. Their presence in soil may favour their spread into human ontocenosis; however, transmission of the pathogens from soil to the human organism has not been directly demonstrated. Populations of children, common users of sandpits, school sports fields and park playgrounds, are particularly at risk of being infected. In the available literature, a paucity of information exists regarding soil yeasts from recreational areas intensely used by humans, especially children [7, 8] . The aim of the present study was to evaluate the quantitative and qualitative profiles of yeast fungi in the soil of recreational areas for children in selected districts of Łódź, Poland.
MATERIALS AND METHODS

Study area
Łódź is the third-largest city in Poland, located in the central part of the country, with about 737 100 inhabitants (in 2010). Poland belongs to the temperate climatic zone with four distinct seasons. Łódź (51°77'N, 19°46'E) is charac terized by a mean annual air temperature and relative air humidity of 7.5°C and 80%, respectively. and the cultures were incubated first at a temperature of 25°C for 48 h, then at room temperature for one week, with daily observations. Yeast colonies grown in the media were counted, checked under microscope, and transferred onto a Sabouraud Dextrose Agar to obtain the axenic cultural growth. Mycological identification was based on both macroscopic and microscopic morphological characteristics, as well as biochemical features [6, 7] . The presence of carbohydrate fermentation and the ability to assimilate carbohydrates were identified with API 20C AUX tests (bioMérieux), and the ability for nitrogen compound assimilation was determined.
Our study deals with yeast fungi classified as Ascomycota or Basidiomycota [10] .
Statistical methods
The data was analysed using STATISTICA 6.0 software. The differences between groups were compared by the Chi-square test. If any of the frequencies were less than 5, Fisher's exact test was applied. Values of p < 0.05 were considered significant.
RESULTS
In autumn 2010, the yeast fungi were found in 73.8% of investigated soil samples (76.2% of samples collected from the depth 0-3 cm and 71.4% -from depth of about 15 cm) and in spring 2011 -in 69.0% (57.1% and 76.2% -from the depth 0-3 cm and about 15 cm, respectively) ( Table 1 ). The differences between the frequencies of positive samples collected in both seasons, as well as from both soil layers, were statistically insignificant (p > 0.1). Soil specimens from partially fenced areas around school sports fields revealed a higher number of 
DISCUSSION
Yeasts are a constant element of the soil microbial community and play an important role in it; they exert a positive effect on soil structure, nutrient recycling and even plant growth [1, 7, [11] [12] [13] [14] . Some of them are considered autochthonous species, permanently present in soil, while some may be allochthonous, residing transiently or temporarily, and originating from plants, animals or human organisms.
Yeasts are still reported as potential pathogens and a considerable cause of various diseases of humans and animals [15, 16] . Soil from urban areas, public sites, such as
In sandpits, all isolates were found in numbers be-
low 1×10
2 CFU/g of soil, except one: G. candidum from the deeper layer of a fenced sandpit, with documented uncountable growth.
Comparing the fungal species diversity in soils from different children's recreational areas, in sandpits, Cryptococcus, Geotrichum, Rhodotorula and Trichosporon were noticed, without the presence of Candida species (Table 3) .
The greatest species diversity was observed in park playground soils, where 15 species of 6 genera were identified, while 13 species of 5 genera were detected in the soil of the area around school sports fields. 
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Abbreviations as in Table 1 and increased rates of isolation of the common non-albicans species (e.g. C. tropicalis -5.4% to 8.0%). The rates of isolation of C. krusei, C. guilliermondii, C. lusitaniae, C. kefyr, and C. famata did not vary significantly, whereas those of fluconazole-resistant species C. rugosa, C. inconspicua, and C. norvegensis increased 5-to 10-fold over the 10.5-year study period [20] . It is worth noting that C. tropicalis isolates from Taiwan hospitals and soil samples, revealed strains with reduced susceptibility to azole drugs, which can be of great clinical importance [21] . The isolates recovered from humans and soil, originating from different geographic regions of Taiwan, share the same genome pattern (diploid sequence type). This implies that drug resistant fungi exist playgrounds, parks, gardens, public squares and sandpits may comprise various yeasts and also receive a considerable dose of the fungi from organisms living above it. The spread of the microorganisms from soil to the human organism is possible; therefore their presence should be regarded as a public health risk. The total number of soil yeasts observed in different studies varies from 0 to as many as 10 6 CFU/g of soil [1] .
From natural habitats (deserts, forests, tropical forests, tundra, peat-bogs) at latitudes ranging from 77°S to 64°N, soil yeasts were isolated in numbers from 0.2 to about 10 4 CFU/g of soil [11] . Based on 180 soil samples collected in deciduous and coniferous forests, Sláviková and Vadkertiová [12] found the number of yeasts to range from 1.5×10 3 to 1.1×10 4 CFU/g soil. During the year, the lowest number of yeasts in forests was ascertained in December and the highest in May. In forests from the European part of Russia, total population concentration of soil yeast was evaluated to be 10 2 CFU/g [17] .
In tilled soils, the yeast population number ranged from 40 to 6.8×10 3 CFU/g soil [4] . For wet and dry sands from South Florida beaches, concentrations of fungi did not demonstrate temporal patterns, and total number varied from 7×10 2 to 3.7×10 4 CFU/100 g with greater numbers in dry sand [7] . Similar results were found in our studies: the total number of yeast fungi in samples varied from 0 to 8×10 3 CFU/g of soil; but an uncountable number of G. candidum was detected only in one sample from a kindergarten sandpit in spring. Great diversity was observed in microorganism concentration at all investigated sites without indicating any significant differences in evaluated seasons. Numerous studies of the yeast composition of soils have revealed great species diversity, but the occurrence of many of them was restricted: they were isolated only from a single site. Vishniac [11] suggests that species which primarily occupy aboveground niches and from which they fall to the soil, usually appear at lower frequencies than the post-nesting period as well. In Łódź, sparrows, magpies, rooks and jackdaws are often observed to be resident throughout the year. Close relations between humans and birds may provoke health problems, as bird faeces can be inhaled as soil dust floating in the air. An example of zoonotic transmission of C. neoformans var. grubii from a pet magpie to female patient was suggested in a study in which genetically indistinguishable isolates were cultured from the cerebrospinal fluid of the patient and excreta of the bird [34] . Epidemiological studies of feral pigeon populations from 60 cities and regions revealed that the birds harboured a total of 45 different human pathogenic fungi, among them, two yeast fungi: C. neoformans, which has been described as routinely transmitted to both immunocompromised and immunocompetent patients, and C. para psilosis, which is known to be transmitted to the immunocompromised patients [35] . Also, an examination of urban rook (Corvus frugilegus) fecal samples revealed a great number of birds positive for Candida spp. (2.9%), R. rubra (5.7% of faecal samples), and for hyphal fungal species [36] . Hence, the cohabitation of birds and humans should be under assessment for potential public health risks. The evaluations of soil in the present study revealed 18 isolates of two Rhodotorula species, 12 isolates of Trichosporon cutaneum and one of Saccharomyces cerevisiae. The potential human pathogens of the genera Trichosporon, Rhodotorula and Saccharomyces may be colonizers or superficial pathogens (skin or mucosal infections), but all may cause fungemia with or without organ invasion in compromised patients [24] . From clinical specimens, R. mucilaginosa (syn. R. rubra), R. glutinis, and R. minuta were obtained; the two first species were also found in our soil samples. Rhodotorula glutinis was the most frequently isolated carotenoids producing species from the leaf surfaces of various tree species and forest soils [12, 17, 37] . The other species -R. mucilaginosa -belonged to the most frequently encountered yeasts in the sand of bathing beaches in South Florida [7] . The uncommon pathogen, T. cutaneum, has been identified in environments and suggests that soil may be a potential source of these pathogens. Fungi of the genus Cryptococcus were identified in examined soil environments worldwide, which was attributed to their polysaccharide capsules; they are also frequently isolated in clinical practice [4, 5, 11, 12, 17, 18, [22] [23] [24] . Cryptococcus neoformans is the most common species affecting immunocompromised individuals, however, some cryptococcosis cases were also revealed in immunocompetent patients [25] [26] [27] . Other species present in soil -C. uniguttulatus, C. laurentii and C. albidus were previously considered as saprophytes and thought to be non-pathogenic to humans. However, infections caused by those species are now more often observed [28] [29] [30] .
In the present study, 35 isolates of four Cryptococcus species were found in soil from children's recreational areas. C. neoformans was present in samples collected from park playgrounds, sandpits and school sports fields, and likewise C. laurentii and C. albidus. The species C terreus was identified only on the school sports fields. The important reservoirs of different fungal species include birds, mainly feral pigeons (Columbia livia), and other bird species often present in towns such as magpies (Pica pica) or house sparrows (Passer domesticus) [31] . The feral pigeon was introduced to Łódź in [1955] [1956] . At present it can be regularly noted in the city, and in some places in central parts of the city such as the Śródmieście district, which covers only 6.8 km 2 but has a population density of 11 307 inhabitants/km 2 , its concentration exceeds 400 pairs/km 2 [32, 33] .
Due to the growing problem with pigeon droppings, in May 2009, the City of Łódź Office forbade pigeon feeding in the municipal area: feeding is permitted only in demarcated 26 points of town and on private property. Nevertheless, it is still a sanitary problem, because many citizens enjoy feeding pigeons in parks or places near residential areas and children's playgrounds. Numerous bird species living on the outskirts can reach the centre of compact cities. Birds make use of the city in 
CONCLUSIONS
Potentially pathogenic yeasts were identified in the soil of children`s recreational areas in parks, schools and kindergartens. They persist at concentrations which are not very high, but the diversity of species is considerable. Isolates of the Candida, Cryptococcus, Kloeckera, Geotrichum, Rhodotorula, Saccharomyces, Sporobolomyces and Trichosporon genera were identified. Their presence in the environment may pose a health risk to humans, especially to children. This type of biological pollution should be regarded as a potential public health risk.
in agricultural and forest soils [4, 12] ; it belongs to the yeast species previously evaluated as the most resistant to various pesticides in agricultural soil [27] . Saccharomyces cerevisiae is widespread in nature -can be found on plants, fruits, in soils; it is a common colonizer of mucosal surfaces, a part of the normal flora of the gastrointestinal tract, respiratory tract, and vagina, but can cause a wide variety of clinical syndromes [24] . In the accessible literature, only a single study concerning soil yeasts from area of children's recreational areas can be found [8] . Soil samples taken from areas subject to intensive student and child use at the University of Ilorin (Nigeria), region of a high desert temperature, registered total fungal colony counts (not only yeasts) ranging between 5.8×10 2 and 1.63×10 2 per g of soil. Candida albicans, a fungus of great medical importance, was identified with a frequency of 8.5% in the area around the lecture halls, health centre, and in the playground area used by primary school pupils, which was often littered with food remains. Also G. candidum and S. cerevisiae were found at low frequencies: 11.4% and 2.8%, respectively. Some studies have attempted to evaluate the physicochemical soil properties having the greatest impact on yeast fungi populations in their natural habitat. pH value and divalent cation availability were indicated as the factors for sandy low nutrient soils, while organic carbon and organic nitrogen content influenced nutrient-rich moist soils [1, 38] . Another study on the patterns in soil biota, on a large spatial scale and taking into account different land-use types, revealed that yeasts abundance or diversity showed weak relationship with abiotic soil properties [6] . Therefore, it may be concluded that the yeasts in urban soils, their species variety and concentration, may reflect the diversity of organisms: plants growing in and over soil, birds contaminating soil with their faeces and also humans and their activity. The soil may be also the source of health hazards for the organisms living over it, and it may be the element of potentially pathogenic fungi transmission to humans, especially
